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^ METHOD OF OPERATING AN INTERNAL COMBUSTION ENGINE ARRANGEMENT AND SUCH AN ARRANGE- 



(57) Abstract 

In the operation of an internal combustion engine arrangement 
that includes at least one piston engine (1) having at least one 
combustion chamber, and means (2, 3, 4) for delivering fuel air and 
water to the combustion chamber or to each combustion chamber, 
water vapour present in the engine exhaust gases is condensed 
by cooling the gases. The water of condensation is returned to 
the combustion chamber or to each combustion chamber. The 
arrangement includes to this end cooling means (11) for condensing 
water vapour in the engine exhaust gases and also means (15, 18, 
19, 4) for feeding the condensation water to the combustion chamber 
or to each combustion chamber. 
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A METHOD OF OPERATING AN INTERNAL COMBUSTION ENGINE 
ARRANGEMENT AND SUCH AN ARRANGEMENT 

The present invention relates to a novel method of operating 
5 an internal combustion engine arrangement that includes at 
least one piston engine having at least one combustion 
chamber, and means for delivering fuel, air and water to said 
combustion chamber or to each combustion chamber. The 
invention also relates to a combustion engine arrangement 
10 that works in accordance with the novel method. 

It is known that important advantages can be achieved by 
supplying internal combustion engines with water. These 
advantages include an increase in efficiency and possible 

15 power output, low emission, particularly low NO x emissions, 

and low knocking tendencies. Methods and engines of the kind 
addressed by the present invention that operate with water- 
injection require large quantities of water. In order to 
avoid the risk of harmful water-carried salts precipitating 

20 out in the engines, the water used will preferably be clean 
water. 

The object of the present invention is to provide a method 
and an arrangement in which the aforesaid drawbacks are 
25 eliminated at least to a substantial extent. 

Accordingly, there is proposed to this end in accordance with 
the invention a method of the kind defined in the 
introduction in which the exhaust gases are cooled so as to 

30 at least partially condense the water vapour present in said 
exhaust gases and the water thus formed returned to the. 
combustion chamber or to each combustion chamber, optionally 
after vaporising said water. Condensation of the water vapour 
and recycling of said water beneficially reduces, or 

35 eliminates, the need to supply fresh water. 
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in accordance with the present invention, an internal 
combustion engine arrangement that includes at least one 
Piston engine having at least one combustion chamber, and 
means for delivering fuel, air and water to the combustion 
c amber, or to each combustion chafer, includes coolin 
means for condensing water vapour contained in the engine 
exhaust gases, and means for returning the water of 

lalT 10 " " ^ C0,nbUSti0n « to «<* —tic 

in th t e h r eT UreS CharaCt " iStiC ° f th * ^-ntion are set forth 

the accompanying dependent claims and are also made 
apparent in the following description of exemplifying 
embodiments of the inventive arrangement shown in the 
accompanying, schematic drawings, in which 

Fig. 1 illustrates schematically a first embodiment of the 
inventive arrangement; and 

Fig. 2 illustrates schematically a second embodiment of the 
inventive arrangement. 

Those components and features illustrated in the Figures that 
finding mutual correspondence, or generally mutual 
correspondence, have been identified with the same reference 

That 1 i "" StratES 311 lnt6mal combustion engine arrangement 
that includes an internal combustion piston-engine 1. Fuel 
air and water are delivered to the engine 1 through 
respective conduits 2, 3 and 4 . The water supplied may have 
been converted to vapour form by means not shown, prior to 
being delivered to the engine. The engine exhaust gases 
depart through the conduit 5. The internal combustion engine 
arrangement may be a stationary arrangement used to run an 
electric generator and the heat generated used for heating 
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purposes, for instance. However, the arrangement can also be 
used with automotive vehicles, for instance. The engine 
exhaust gases are used to operate a supercharger that 
includes an exhaust gas turbo 6 which drives , via a shaft 7, 
a compressor 8 in which the air of combustion is compressed 
prior to delivery of the air to the engine and to which air 
arrives via an air filter 9. In the case of Otto engines, air 
and fuel may be mixed together prior to being delivered to 
the engine 1, and the air/ fuel- mixture can be compressed in 
the supercharger 6, 7, 8 prior to delivery of the mixture to 
the engine. This procedure is appropriate when using gaseous 
fuel, such as natural gas, generator gas, landfill gas, etc. 

The exhaust gases are delivered from the exhaust turbo 6, 
either before or after being cleaned, through a conduit 10 to 
a cooler 11, in which the exhaust gases are cooled to 
condense a substantial part of their water vapour content . 
The remainder of the exhaust gases depart through the conduit 
12, whereas the water of condensation is delivered through a 
conduit 13 to a water tank 15, optionally via a filter 14 for 
extracting water-carried solids. The level of water in the 
tank 15 is referenced 16 and, as indicated by the arrow 17, 
the tank 15 may be provided with means for maintaining a 
determined level of water therein. Water is pumped from the 
tank 15 to the engine 1 by means of a pump 18, via a conduit 
19 and the conduit 4. Water can be pumped via a conduit 20 
branching from the conduit 19 to the cooler 11 where the 
water can be injected directly into the exhaust gases and 
therewith cool said gases and promote condensation of the 
water vapour in the exhaust gases and rinse clean the heat- 
exchange surfaces in the cooler. The water arriving through 
the conduit 20 and injected into the cooler 11 accompanies 
the condensate formed in the cooler through the conduit 13 
and back to the tank 15. The flow of water in the conduits 4, 
19, 20 is controllable, e.g. by means of a valve arrangement 
not shown. 
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11 9 int " nal COmbUStiOT — gement 

hown n Fig. a , the water tanfc „ ±s convsnien 

initially „ lth „ ater to the deslred ievei ^ 

all " ^ rMliSed ' h — th " - «u.l 

that rt en3lne ' " 9lVe riSS t0 ™pour 

that ed in cooUr U( wherewith P 

thus formed „ collected in the tank 15. The exhaust gases 
may advantageously he cooled in the cooler 11 to such an 
extent as to obtain sufficient condensate to render the 
arrangement self-supporting with respecC to ±t5 water 
requirement in continuous operation, so as to obviate the 
need to supply the arrangement with fresh water after 
possibly filling the tank 15 la . tially fco ievei 

When fresh water is supplied to the arrangement, any salts 
dissolved in the water are liable to precipitate into the 
engrne The amount of water delivered to the engine 1 through 
the conduit 4 may be chosen in dependence on the result 
uesrred, but will advantageously be adapted so that said 
amount win at least correspond to the amount of fuel 
delivered to the arrangement, and preferably from one to five 
times as much. When operating an internal combustion engine 
arrangement fuelled with natural gas, in which water and fuel 
were delivered to the engine in identical guantities, it was 
found that equilibrium was reached, i.e. the arrangement 
became self-supporting with respect to water, when the engine 
exhaust gases were cooled to about S8°c. 

The invention comes particularly into its own when the engine 
concerned is an otto engine. In this case, air and fuel can 
be delivered in stochiometric ratios, whereby very effective 
exhaust gas purification can be achieved with the aid of a 
so-called three-path catalyzer. The water supplied to the 
engine arrangement effectively avoids the typical Knocking 
tendency of the Otto engine and the otherwise high 
temperature generated in stochiometric combustion, so as to 
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make overcharging to high pressures possible. This results in 
greater efficiency and enables the power output of a given 
engine to be increased. The injection of water results in 
lower emissions, particularly lower N0 X emissions, 
5 irrespective of the type of piston engine concerned, and also 
a cooling effect that affords higher compression ratios and 
therewith greater efficiency. 

When the exhaust gases are cooled to a temperature of about 
10 55-60°C for instance, the coolant used in the cooler 11 is 

heated to a relatively low temperature of e.g. about 50-60°C, 
even when using counterflow cooling in the illustrated 
manner, which may limit the usefulness of the thermal energy 
recovered in the cooler. Thermal energy of greater quality 
15 can be recovered from the engine exhaust gases, which 

normally have a temperature in the order of 600-650°C, when 
the exhaust gases are cooled in more than one stage. In this 
case, the engine exhaust gases are cooled in a separate, 
first stage to a temperature that lies above the dew point of 
20 the water vapour present in these engine exhaust gases, and 
then cooled in at least one following stage to condense a 
desired quantity of water vapour therefrom. 

Fig. 2 illustrates a two-stage cooling process in accordance 
25 with the above. The internal combustion engine arrangement 
shown in Fig. 2 is essentially the same as that described 
with reference to Fig. 1 in other respects and only those 
parts of the arrangement that differ from the arrangement 
shown in Fig. 1 will be described. Thus, the Fig. 2 
30 arrangement includes two mutually sequential exhaust gas 

coolers 21, 22. The engine exhaust gases are delivered to the 
first cooler 21 at a relatively high temperature, e.g. a 
temperature of about 600°C, optionally after having first 
been cleaned. The exhaust gases are cooled indirectly in the 
35 cooler 21 to a temperature above the dew point of the water 
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vapour present in the exhaust gases while recovering hiah 

r :: y AT therefrom - The — « ^T; led 

present in T " ~ 

Llect n 9aS8S ' Pa " ly by hSat ««*«~ ««• Parti, by 

injecting water through the conduit 20 in an amount 
contro led by means of . valve The ^ 
exhaust gases depart from the cooler 22 at 12. 

It will be understood that the invention is not restricted to 

thereof and that the invention can be implemented in any 
suitable manner within the scope of the inventive concept 
defined an the following claims. P 
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CLAIMS 



1. A method of operating an internal combustion engine 
arrangement that includes at least one piston engine (1) 
having at least one combustion chamber, and also means (2, 3, 
4) for delivering fuel, air and water to the combustion 
chamber or to each combustion chamber, characterized by 
cooling the exhaust gases such that at least part of the 
water vapour present in the engine exhaust gases will be 
condensed, and returning the water of condensation thus 
formed to the combustion chamber or to each combustion 
chamber, optionally subsequent to vaporising said 
condensation water. 

2. A method according to Claim 1, characterized by 
delivering at least as much water as fuel, suitably from one 
to five times as much water. 

3. A method according to Claim 1 or Claim 2, characterized 
by first cooling the engine exhaust gases in a separate stage 
(21) to a temperature that lies above the dew point of the 
water vapour present in the engine exhaust gases . 

4. A method according to any one of Claims 1-3, 
characterized by cooling the exhaust gases by injecting water 
thereinto, suitably condensation water obtained from said 
exhaust gases. 

5. A method according to any one of Claims 1-4, 
characterized in that the piston engine, or each piston 
engine (1), is an Otto cycle engine to which fuel and air are 
delivered in at least substantially stochiometric ratios. 

6. An internal combustion engine arrangement that includes 
at least one piston engine (1) having at least one combustion 
chamber, and means (2, 3, 4) for delivering fuel, air and 
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water to the combustion chafer or to each combustion 
chafer, characterized by cooling means ,11; 21, 22, for 
condensing water vapour from the engine exhaust gases, and 

" the L ' " retUrnin ' ^ ° f -ndensation 

to the combustion chafer or to each combustion chafer. 

7. An arrangement according to claim 6, characterized by a 
condensate collecting vessel ,15, which is connected 

condeTr ° f CO ° ling meanS » d "hich 

condensation water is cycled bac* to the combustion chamber 
or to each combustion chamber. 



An 



arrangement according to Claim 6 or 7, characterized 
that said cooling means (11; 21, 22, includes at least one 
cooler ,11.. 22, through which the exhaust gases flow, and 
which uses water injected thereinto as a coolant. 

9. An arrangement according to claim 8, characterized in 
that sard cooling means ,2!, 22, includes a first cooler ,21, 
m whrch indirect heat exchange is effected between the 
engrne exhaust gases and the coolant, such as to cool the 

! a ;r tD 3 tSmPeratU " * b °™ *eir ^w point, and a second, 
following cooler ,22, in which water vapour present in the 
exhaust gases is condensed, said second cooler preferably 
operating with direct injection of cooiant into the exhaust 



gases 

10 
ch 

(1) 



An arrangement according to any one of Claims 6-9 
characterized in that the piston engine or each piston' engine 
(1) xs an Otto cycle engine that operates with an at least 
substantially stochiometrical fuel/air ratio. 
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